Recently, the authors have observed several cases of a cystic mucinous hypertrophy of the gall bladder in dogs in material submitted to the Armed Forces Institute of Pathology (AFIP). Because spontaneous lesions of the gall bladder in domestic animals are reported only sporadically and the histologic appearance of this condition in our material is so striking, we consider it worthy of documentation.
Materials and Methods
Most of the case material consisted of slides, parafin blocks, and wet tissue submitted by outside contributors to the Registry of Veterinary Pathology. With the exception of Case IV, which was autopsied by one of the authors (PKH), the clinical histories and descriptions of the necropsy findings and gross appearance of the gall bladder were supplied by the contributors. Wet tissue, when available, was examined grossly and with the aid of a dissecting microscope.
Tissue was imbedded in paraffin, sectioned at 6p and stained with hematoxylin and eosin (H & E). Special stains employed included Movat, mucicarmine, periodic acid-Schiff (PAS), colloidal iron for acid mucopolysaccharides (AMP), alcian blue, Hall and Stein bile stains and Prussian bluel.
The authors ligated the cystic ducts of two young adult female beagle dogs and killed them 4 and 10 weeks postoperatively. The gall bladders of these dogs were examined grossly and microscopically. 
Case Histories and Necropsy Findings
Case I: A 7-year-old male German shepherd dog (AFIP Acc. 1082560) had limited vision because of bilateral cataracts and lameness caused by bilateral coxofemoral arthritis. For these reasons, his effectiveness as a sentry dog was diminished, and the animal was killed.
Gross changes: The gall bladder was the only organ submitted. The fixed specimen measured 8 x 7 x 3 cm and had a smooth gray serosal surface. Gelatinous rod-shaped "bodies" projected from the thickened mucosal surface and filled the lumen ( Fig. 1 ). They were semitranslucent and had a greenish white hue. Other postmortem findings were not submitted. Case 11: A 16-year-old male mixed terrier dog (AFIP Acc. 710458) was killed, and tissues were submitted to AFIP without any clinical history.
Gross changes: At necropsy, the gall bladder was found to have a thickened polypoid cystic lining. Examination of the fixed specimen revealed a thick, uneven mucosal surface with small villi and cysts projecting from this surface. The cysts were of variable size, frequently multiloculated, and separated by serpentine ridges. Translucent mucus adhered focally to the mucosal surface.
In addition to the lesion of the gall bladder, papillary cystadenocarcinoma of the thyroid, acinar cell adenoma of the pancreas, chronic interstitial nephritis, multiple interstitial cell tumors of one testis, adenoma of the perianal gland, sebaceous gland adenoma, and an epidermoid cyst of the skin were also found.
Case 111: A 10-year-old male German shepherd dog (AFIP Acc. 1103639) with a history of "rheumatoid" spondylitis was killed because of his decreased effectiveness as a sentry dog.
Gross changes: A gall bladder measuring 3.5 x 2 cm was found at necropsy. The serosa was smooth and white. The wall was 0.6 cm thick, and the mucosa had a mucinous, gelatinous appearance.
Other pathologic Lndings included numerous small epitheliumlined colloid cysts in the anterior pituitary. Paraffin blocks of the gall bladder and pituitary were the only material submitted.
Case IV: A 13-year-old male standard silver poodle (AFIP Acc. 1113702) was submitted, in good flesh, for necropsy because of a large, pendulous superficially ulcerated neoplasm involving the medial aspect of the right thigh. Bilateral cataracts were noted prior to euthanasia.
Gross changes: The gall bladder was normal in size and had a hyperemic serosal surface. The cystic and common bile ducts were patent. When the gall bladder was opened, a viscid, flocculent, greenish bile exuded. The wall was thickenedand the mucosal surface roughened. Examination with a dissecting microscope revealed small, frequently multilocular cysts and serpentine gray-white ridges in the mucosa (Fig. 2) .
Other findings included a lipoma of the right thgh, nodular hyerplasia of the spleen, interstitial cell tumor of the right testis, and bilateral cataracts.
Case V: A 12-year-old male dachshund (AFIP Acc. 763175) had shown progressive weight loss and decreased activity for about 2 months. The animal was thin and dehydrated and had dependent edema of the chest and hind limbs. A heart murmur was present, and the animal had been treated for heart disease (type not specified) prior to euthanasia.
Gross changes: The gall bladder was described only as thickened.
Other findings included adenocarcinoma of the right kidney, acute focal hepatitis, acute epicarditis, and myocarditis.
Case VI: A 734-year-old spayed female Scottish terrier dog (AFIP Acc. 619562) was admitted to a veterinary hospital with a complaint of fever. Clinical findings included rectal temperature of 105°F and generalized lymphadenopathy. The animal was placed on broadspectrum antibiotics but did not respond to therapy; she died 5 days following the onset of clinical signs.
Gross changes: A thick, tenacious, dark-green bile was the only abnormality noticed in the gall bladder.
Other pathologic findings included a chronic interstitial nephritis, gastritis, tonsillitis, and a granulomatous mass in the mediastinum caused by blastomycosis.
Case VII: A 12-year-old Labrador retriever dog, sex unstated (AFIP Acc. 260826) had a history of pain in the right foreleg for 1 month. A pedunculated "weeping" lesion in the umbilical region was noted on clinical examination. The animal was unable to stand during the last 2 weeks of life, refused to eat, and lost several pounds. Euthanasia was performed.
Gross changes: The gall bladder was considerably enlarged, and the wall was thickened.
Other pathologic findings included a disseminated undifferentiated carcinoma involving skeletal muscle, intestine, skin, liver, lung, heart, and spleen. There were mild hyperplasia of biliary ductal epithelium and infarction of the spleen due to tumor embolism.
Case VIII : An 8-year-old spayed female cocker spaniel dog (AFIP Acc. 513800) was anorectic for a month prior to death. The animal vomited occasionally and was depressed. The only abnormal physical finding mentioned in the history was a low specific gravity of urine. Euthanasia was performed.
Gross changes: The gall bladder was enlarged; its wall was thickened and it contained much "crystalized" bile.
Other pathologic findings included a subacute pyelonephritis and focal hepatic necrosis of undetermined etiology.
Case IX: A 10-year-old male German shepherd sentry dog (AFIP Acc. 1156080) was killed because he was too old to retrain. Data on clinical history and physical examination were non-contributory.
Gross changes: In the necropsy report, the contributor described the gall bladder as being filled with 15 ml of slightly cloudy bile and the mucosal surface rough, with several "fat colored" polyps and many black particles adhering to it. Examination of the wet tissue revealed the mucosal surface to be diffusely covered with many gelatinous cysts ranging in size from submacroscopic to 3 mm in diameter. A central apical depression in many of the cysts produced a crateriform appearance visible when magnified nine times under a dissecting microscope.
The only other lesion noted at necropsy was enlargement of the prostate. Microscopic examination of the prostate revealed mild cystic hyperplasia.
Experimental Cases
No gross lesion was observed in the gall bladders of the two dogs whose cystic ducts had been ligated 4 or 10 weeks before death.
Microscopic Findings
In all of the spontaneous cases (Nos. I to IX), the mucosa of the gall bladder contained numerous fronds and cysts lined by epithelium that tended to be flattened in basal areas and cuboidal or columnar near the lumen. Under this epithelium was a thin but distinct lamina propria. Mucin was demonstrated by special stains in the cytoplasm of epithelial cells near the lumen and within cysts. This much, which was basophilic, positive for the PAS, AMP, and mucicarmine stains, green with Movat's stain, and purple with the Abul-Haj stain, filled these cysts and was prominent in the luminal contents of the gall bladder ( Fig. 3) . Hall and Stein stains for bile pigment were negative, and Prussian blue reaction demonstrated iron positive cytoplasmic granules in the epithelial cells of the gall bladder. The large accumulations of mucin were often laminated in a concentric pattern in Cases I-IV, VI and IX (Fig. 4 ), but this was less apparent in Cases V, VII and VIII. The mucinous cysts were rather small in Case V, and this appeared to be the earliest stage of cystic mucinous hypertrophy in our series (Fig. 5 ). Nuclei were basally located in the cuboidal and columnar epithelial cells. At the tips of the mucosal fronds, the cytoplasm of these cells was distended with mucin. These cells apparently were the source of the mucin found lying free in the lumen of the cholecyst. Inflammatory cells, usually lymphocytes and-less frequently-macrophages and neutrophils, were occasionally seen, but never in great numbers.
The serosal and muscular elements in the wall of the gall bladder appeared normal. No pathologic change was noted in the vasculature of the gall bladder.
Discussion
No specific clinical sign or other systemic pathologic process was specifically associated with this condition of the gall bladder, but valid conclusions are limited because of incomplete histories and necropsy descriptions submitted with these cases. The clinical information submitted was generally noncontributory.
The dogs in this series ranged in age from 7 to 16 years, with a mean of 10% years. No significant predilection for any breed was noted. The fact that 3 of our 9 cases are German shepherd sentry dogs may be due to biased sampling since AFIP has received necropsy material from many such animals in the past 5 years. We suspect that this condition is more common than the few cases in the AFIP files suggest. Frequently the gall bladder is not described grossly, and even less frequently is it submitted for histologic examination in routine autopsy cases.
It is of interest that these cases were filed under such designations as mucocele, mucinous hyperplasia, cystic hyperplasia, mucinous cysts, mucosal cysts, and cystic glandular cholecystitis. Other pathologists reviewing these slides suggested other diagnoses, including adenomatosis and adenomatous polyposis. We think, however, that the major morphologic change is enlargement and hypersecretion by individual epithelial cells and that, therefore, the term "mucinous hypertrophy" is most appropriate.
The earliest report we could find of a similar condition is by HIERONYMI (1 923)s who described a "fibroepithelioma" in the gall bladder of an 8-year-old dog that had no clinical signs referable to this lesion. Despite his terminology, the condition he describes and illustrates closely resembles the cases we have seen. JUBB and KENNEDY~ make brief mention of cystic hyperplasia in mucus-producing glands of the gall bladder and larger bile ducts in dogs, and they state that some of these cases may be caused by chronic inflammation. Although a few lymphocytes, macrophages, and polymorphonuclear cells were seen in the lamina propria of the gall bladder in some of our cases, we think inflammatory changes were minimal and not causally related to the production of excess mucus.
In all of our cases, the mucosa was diffusely involved, and excess mucus accumulated and became inspissated in the lumen of the gall bladder. In only one instance (Case IV) was the cystic duct examined, and it was found to be patent.
Obstruction of the cystic duct in man may result in hydrops or mucocele in which hypersecretion by mucosal epithelium of the gall bladder results in distension of that organ with viscid or watery mucoid material. This conditon, which is about four times as frequent in women as in men, usually occurs in the fifth decade of life and is often asymptomatic HER BUT^).
WOMACK and BRICKER~ found occasional hyperplasia of the mucus-producing cells of the gall bladder after experimental ligation of the cystic duct and injection of concentrated bile into the gall bladder of dogs, This was an inconsistent finding, however. Since the authors mention neither the age of their dogs nor the use of control experiments, it is possible that they were describing spontaneous cases of mucinous hypertrophy such as those reported in this article. No gross or microscopic lesion was observed in the gall bladders of our two dogs whose cystic ducts had been ligated 4 or 10 weeks prior to death (Fig. 6) .
While no gall stones were found in any of our cases, SCHLOTT-HAUER and STALKER^ described a "papillary adenomatous hypertrophy" in a case of cholelithiasis in an old male German shepherd dog. They hypothesized that the nidus of gall stone formation was focal laminated mucin within mucosal acini.
ROONEY and H O A G~ described a case in a 14-month-old Holstein heifer in which multiple mucinous cysts were found in the lamina propria of the gall bladder, cystic duct, hepatic duct, and large intra-hepatic bile ducts. This case, which had certain hstologic features similar to those in our material, was thought to have been congenital in origin. While none of our cases was younger than 7 years, and we think the condition is acquired, we cannot rule out congenital anomalies as etiologic factors.
Carbomycin was associated with slight hyperplasia of mucosa of the cholecyst in dogs in a toxicologic experiment by NELSON and R A D O M S K I~. The subjects were mongrels estimated to be 2 to 5 years old. We are not aware of any other drugs that might be related to the cystic mucinous hypertrophy we observed.
It is interesting to speculate that this condition could have been associated with decreased motility of the gall bladder, thus limiting propulsion of the contents of the organ.
We found no significant pathologic change in intrahepatic bile ducts, in bronchial epithelium, or in ducts of salivary glands or pancreas in any of the cases in which these tissues were available.
We have not been able to determine the cause of possible clinical significance of cystic mucinous hypertrophy in canine gall bladders, but future investigation may elucidate these aspects of this interesting morphologic condition.
Sammaty
Cystic mucinous hypertrophy was observed in the gall bladder of nine mature to aged dogs that had no known clinical signs referable to the condition. The cause could not be determined.
Z.vsammenfasszmng
Zystisch muzinige Hypertrophie wurde in der Gallenblase von 9 ausgewachsenen bis alten Hunden beobachtet, die keine auf die Krankheit deutende klinische Symptome aufwiesen. Die Ursache war nicht feststellbar.
